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~ passcs through an

INTRODUCTION

A gllder has been uued to study atmoopherlc thermals. Tra-

'verses were made through individual thermals uhlle rcadlngs of
4a1ropecd rate of cllmb attltudu, time -altwtude, dry bulb temper--
la*ure and wet bulb deprusulon were re¢corded on 01ne fllm. From

.theue'rbadlnr o cross 'ctnon of v;locmtles tempcrature and

m01sture content va, obtolnud

“The object of the res curch was to cbtain an idea of the’mugnif

tude of the ubUVL quunL;tlv to evaluate the dircrhfﬁ’and bedhs

niques used and comparc, if p0531b1e, the obaervod values with

‘thcse predicted by various modcls, notably the 1solqted thermal

" model.

Note concerning this report
The purpose of this rcport is to present the results from those

. flight's which have been suffibienély analysed and tb givc’a'summary

of the techniques employed. Tt should not be conéideréd.a scien-

tific paper.: Coﬁparison'hasbbeen made between the results and the

| iSolated‘thgrmai model'primarily_to indicate how the data nay be

applicd, ~ The writer would prcfer‘not to dréw conclusions until

»dlscusulon and further analys;s can be done.

Equipment and technigues used and a dccrlptlon of the isolated

thermal model are summarised only. ‘A full discussion on the use

of glidcrs_in the invostigaribn,of atmospheric thcrmals is pre-

sented in the first Annual Report, 28 rebruary 1961. "Expcrim:nts'
on conyection'of 1solatcd masscs of buOJant fluiqg" (J Fluld M»ch.,
2, p.583, 1957) by R, §. 3corer gives a descrlptlon of the results

obtaincd from laboratory cxperiments; "The motion in, and around

»luOlated thermals® (Quart J. R. het. ooc., larch 1959) by B.

Woodward pres énts the velocity field, and "A theory of thermal
soaring" (Swiss Acro Revue, 6, 1958) by 3. LowJard gives an example

of the clfbct up0n a swllplanc splrallng in an 1solgtbd thcrmal

Summary and evaluation of cqjlpnont and technlque

A small cumulus was used as a narker whlle the glider made
% below it while attcmptlng to maintain constant
attitude. On some . occaulona a c1rcllng glldor was uscd as a marker.

During the last two WCCko of field" opcratlons two gllders were em-
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ploycd and various flight technigue tried. To date the data.obtained

from onlj one alrcraft have bccn analyscd th; uecond, which vas prima- .

‘rily us ed as a reserve, did not. carry temnerature 1nstruncnts and on -

‘many fllbhts the rbcordlng camcra Jammed

Thu prlmary glldcr, a 2-scat Sllngsby Eaglu, wao ovned by the ?oyal
Alr rorcﬁ Gliding and uoarlng Agsoc1at10n and was opcrated from R A F
Andovur and from Lauham hlrfleld both situated in Hampuhlrc - A

member. of the RAFGSA flew the alrcraft 3 thc Principal Investlgator

was obscrv»r on all fllghts, taklng notes and Operatlng the rccordlng L

‘camera,

The arrangements with the RAFGSA and its members vere most satis-

. factofy ' Thg glldcr is normally uoed fer advunced trulnlng, cxclu51vu

.usc of ‘the ‘machine was had during ficld operatlons

Ground obSQrvatlonu, conducted by Dr. John- Rushforth during th»

1961 investigations, included obtaining winds aloft (tail-balloon,

51nglu tnuodolltu) and opcrating a ground timce 1dpsc.cqmcru,' The.

‘latter was used to record the dcvclopnent of thc'chmulus undcffwhich

the glider was flying. The fllm, Kodak - nugatlvcly dev010pcd from
the Andover: cxpcdltlon was sutlsfgctory Unfortunatelj the film,
Ilford - UOQIthClJ duveloped, from Lasham is overuxposecd and baroiy

reudablu. ho_concencrated effort has yot bedn made to interpret this

fiim vhich includcs the cumdli dqscribcd,later in this report.

The Bolex time lépsc cancra which_rccordcd'thqglidcr instrument

"~ panel every half sccend was satisfactory; foilure occurred twice

during the two yéafb This film wos uubuuqucntly projgctcd.by a high
quality film rezder und the instrument readlnvs, nght in all, verc
noted., It took one to tvo rlnutou to read cach frame.

A considcrable amount of ddtd vas reduced- by hﬂnd before o pro-

grdm for cn cleutronlc comoutur vwas completed., The rcad:ngs from.

© the film were subsequcnuly punched on t.pe, aftcr correcting for in-

-strument error where necessory, and reduced by machine., The compu-

tations vere carricd out on a Stantec Zebra computur 1nstalled at
Queen's Collegé, Dundece, Scotland and the programs were vwritten in an -

auto code.  Dr, J. Rushforth, Dept., of" Mathamat;cs,_Quedn's College,

wrote the programs and operatcd the machine., Tvio ‘programs were written

for the velocity datd;_thc intermediate program,'whefe an averaging pro-

cess vas being carried out, took twenty minutes for a run. of about

ninety seconds. ' The results, which were on paper tape, were re-read

ok
pasy




inte bhe machine tor thu cqlrulatJons in tho flnkl progrnm whlch
took a sllgltjy shorter time,
D“tq Obtvlnud from 196G were prlm rlly uscd to Lvaluate thu fllght

tccnnlquc qnd seme of these were prouuntcd in the 1st Annual-Report.

»mppraturus were not recorded, Darlng the threc-mcck 1061 1nvcst1-'v
gdtions, fllwhto‘aufc*MPdc ﬁhupuVur pouulble, howbvur uUlt blo con—
-diticns‘\uxc annuntul‘d on”only throev days. six fllghts on tuo
of‘thun; dovs can - ineluded in Chilis rupUFZ;_ A WQVUnth, and o flirht<

on the third qcy, hhvb bucn ]\uubud buL havU-not buon uuffic1untly

ks

e

analyscd for ur»::nt tion. _
Thu Printipul-Iangtigator h"¥ bucn-thc ohly.full time employec
on the project. During the 1icld opurvulons 2 tdfhl»of about six
persons, =t any one -tinmc, p\rtlclputud The writer is grc*tly in--
debted to these porticipanss who donvt 4 their ulmu'hnd »xpurlcnc
fer besic oxpenses only. ' . _
In géﬁeral it is w1t that the aircrzft cond tcéhhiqucs cmployed
hévc bccﬁ o ~Jucc\.m. The most time cdnsuwihg‘task *hrdu@hout has been
"the measurcment aond wuductlon of horizontal velocitivs and the final
results arc °‘ill not censidered so 1aiuctory. The sccura cy of both
horiiontnl "nJ vurtical v. ]0c1t¢-s 10 llrlt :d by the "blllt to meca-
surc the ottitude of the sireraft. 4 more sophisticated 1nstrumcht
thon the surplus ortificiasl horis ,on should purh;ps be usced for future
experiments, It is felt uP"t the glla'“ is tho nost satisfac ctory
‘tool for an inexpensive =nd ex olorﬂtorj study of atnios pheric thcrﬁdls.
If a larger invustlg:uxo iz conducted in the futurc it would be '
wortnwhile to utilise o llght agircref which.could,make‘traverscs‘

cbove and below & circling glider.

Acknovrledgenments _
The vriter would like to thenk all thos: v ho w051otcd in the

studies during the post two and o half ye;ré. She is 1ndubtcd to
Profeésor P. A. Shcppard,‘bcpt. of Ubtcorqlogy, Imperial College,
London and to members and steff of the Department, in phrticular

Dr. J. Green and Dr. F. Ludlam;'membcrs of tho Impefial College Glid-
ing Club, notably Mr. K. J. Bigne¢ll ond Mr. Poul Mintong the Royal
Air Force Gliding and Soaring Association and nenbers Group Captain
“R. R. Goodbbdy, Squadron.Lcader J. Brownlow and Sergeant A, Gough;
Lasham Gliding Centre; and members of the Dépt. of Nathdmati;s;

Quecen's College, in perticular Dr. J. Rushforth.
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| FLIGHT muxpmmm, IIIoTRUMEIJT..TION .ND D‘;T.‘ DEDUCTION

Thc equlpmcnt and 1nstrumcntu uscd have beon dcscrlbed in prev1ouu ,
reports. short uummary follov° ' o
ulrcraft - . .

Gllaor 0 two-°e°1 oilngsby m_42 Eaglo was used whlch carrlcd a pllot
 (rear scat) and obschuz (front geat) on all fliﬁhta. ‘The "all-up w»ight"
- of the aircraft was about 54C kb. The pcrformance flgures quoted by the
"manufacturcr vere altercd ollghtly to glve morc rcallstlc values for thc
. 1nduccd and profllc rag uOCfflClCntu- a 51nking specd of O. 85 m/s at .

“a forward SDuOd for maximum glide anglu (or mlnlmum drag coefflclent),

_of 23.5 m/s vas selected.

TOW'Planc' can ROALF. Chipmunk’Was used when the ficld investigations ‘ _
were conduct;d at R. ‘.F. Andvar; onc of three ﬁustérs, operated by the

y Lashhm Gliding Socicty, was uscd whéh at Lasham .irfield.

Camcra Equipment:

Bolex: . 16 mm Bolex, with a "hdmc madé" ‘time lapse méchani;ﬂ, which was

fittcd in the R....F. Daglo, nhotographed the 1notrument panel every half socond.

'G.G.3. Recorder: Thls 16 mm, 25 ft. roll, ourplu "gun—camcra" vas flttcd in
‘ the Impcrlal Collcgo Eaglc. o

rllght Instruments

e e b =

sirspeed: Kelvin Hughcs Type 220- -02, whlch gives a range of 10 to 80 mph

~and has a time constant of O 5 to 0.7 scconds.

.Varlonctcr' The rate of climb 1ndlcator uoed vas a Crossfell Vhrlometcr
with a time constant of 0. 5 s;conds. Thls 1nstrument 1nd1cates rate of
change of aircraft static pressure by moasurlng the direction and magnltudei
of the airflow in and out of a 12 11tre vacuum flask connected to static.

The airflow couses differential coollng of two thermlstor beads placed

near a heatcd clement, and the change in clcctrlcal rcsistancc of the bcnds
mounted in a wheotstone bridge, drives a mov1ng coil meter through a low
gain transistor amplifier. The instrument rellably indicates an airflow

- of % cc per minute. The range is -4.0 to + 4.0 m/s or -8.0 to +8.0 m/s

6n the 2 x scale.
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ﬂrtificial Horizon: Surplus Gérman'instrumcnt that cbula bc read to-the’

‘nearcst 0.5 dcgrcc.

lultlmcter A utandqrd uCﬂSlthb altlmctcr u;th 35 000 ft range.-
Clock 8 8- day alrcrmft clock.
P ‘Compass: E - 2 compas

‘Dry Bulb Tcmporaturc Thgrmlstor Brldgc, madc by E h. . ‘Hand-made Gramo=

phone Ltd. according to opcc1flcat10n. It hws a rangc —2 5 to + 22. 5 °c
on six écal?s.l' '

et Bulb Dcprcssion:  Thlb instrument, wh4rh'00noisfs Of'series”of 20

jundﬁions hountcd in a pcrvpe\ frame, was dcglgncd and conotructﬁd by
LG ngncll and BcLsJ wuodward. Ca numbor of phrtotypcs worc tusted 1n

the wind tunnel at the Dbpt. of hctQOrology, Impcrlal Collcge. The ampli~

fier waos madc, accordlng to sﬁQlelcatlon, by E.l.G. Hand—nade Granophonc .
| Ltd. T The . dlffcrcncc botween wet bulb and dry bulb temperatures was indi-

cated on'a 0-2 voltncto- wlth full scale dcflcctlon equal to 5. 0°c.

The following table lists the notation, accuracy, etc. of the instrumcnts‘
read from the cine film of the instrument panel: '

IE . ‘ . v o
L read to . instrument uccuracy " Notation

Instrument Notation nearest  correction  (rel. )(abwo) aftor cor.
. sirspeed : Vipph _7‘ 0.2 mph néf applied - "i 0.6 mph  Vimpn .

Variometer vy - 0.05m/s. 1.2 xV, T+ 10% v

Horizon » . . 0.25 mm lmm = QO34 sce notes A

: _ v R radians” . .. ,

Jitimeter H,, 5 feet  not applicd # 108t + 20£t By

Dry Bulb Temp.  t,. 0.25% ~ variable + 0.02° 30.03° t a

Jet. Bulb Depres. (t -t ), 0.05°  variable * .o.voasf’ 40.20° (£,-t.)

Clock t o 0.025 scc. '

Compass ‘ hegd. .5 aeg..
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o ,Noteu Concornlnr Callbratlon and Correctlon for Inutrument Error

Alrspeed Callbrated Just prior to’ field 1nvegt15atlons at R.,.F Boscombe
‘Doun and ﬂfterwardu by helv1n Hugheu, Ba51ngutoke. In the’ range 50 - 65 nph
the correctlon to be applled wau alwa.yu leus than O. 5 mph._ Qorreptlon due

“to pooltlon error in thlo range is ncgllclble. Total corrcction for pooi-

‘tion and 1notrument error is al'wyu lcss than + O 6 mph in thc opcod range  ,

in whxoh the pl1dnr was flown.. '

Varlometer;: Callbratcd vrlor to flold 1nvc.,t.hga..10nu bj Pcter Davny, dcolgner”
of thé Crossfell. This callbraulon uhoued the 1ngtruncnt to be undcr—rcadlng
by 0 to 15% at 16°C.: The uOﬂSltlvltj varics with the tenveraturc of the alr—'
flou, 1ncreaulng as tempcr“ture is dccrnaued by 0. 5 per. 1°%. it 8 c the o

| ocallng would be 4 high. - The- variable corrcctlon for scale and tcnpcraturc,: o
ﬁhat'ﬁas bbtained from the ground »allbratlon uuppncd_,by the d051gner, vas o
not applied. Frbn'the-flight data obtainod'ﬁhe'varionefér‘reddiné was'intéf
grated and the result. conparcd u1th the chanbc in the altlnetcr reading. "
Portlong vere uelected uh*ch had a auratlon of at leasb 30 occondu and wherc
the gllder vas contlnuouSIJ ascendlng or descending. The average of 22 cases
vhen the glider was dcucendlng showed that a secale correction of 1.19 times
the 1nd1cated value should be applied. (Thc range vas botuccn 1.07x and
1. 30x ). The average of nine cascu when the glldcr was ascondlng ‘shoved an
avcrage scale correction of 1. 18x (range 1. 10x to 1. 29x) It vas dcczdcd to .
apply a constant corroctlon of 1.2x% the 1ndlcated valuc. It is rc»sonable to
~assume that the corructcd varlonctor rcadlnr 1s accvrate to at lcaut + 10%_

(but never greater ihan + 0.1 m/s).

~Altimeter: Callbratlon by Kelv1n Flghc showcd thwt from 0 to 6000 ft thuv
indicated reading vas aluay within 15 fcct of the truc nre sure holght and

that the difference betwden ub and dovn recadings did not cxcced 20 fect. A

corrcctlon vias not appllcd.

Artificial Horizon: It was‘nCCessary to convert the arbitrary scale of

millimctres, rcad from the projected film of thcvinstrumént pancl, into
degrees or -radians .of aircraft attifude. -During thc.ficld oporations the -
téii of the‘glider was raised‘and 1owcred'v6n the ground, to'known angles
vhile the change in the pogltlon of the wrtlflczal horizon uau photographed.
Flight tests were made late one evening in "still alr", howcvcr this was one
of two times when the recording camera jammed, so fow of the results could

‘be used. The 1961 ground calibration differed by a factor of 2 from the
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calibration obtaihed the previous summer . Although a”different'instrument't

" was used in 1960 they were both the bame size and the 1961 callbratlon was

;thrown 1n‘doubt. It was then decmded to obtain a converolon factor based

upon actual flight data. . glvcn change of attltude produces a change in :

the vertical velocity of the gllder that, for all practical purposes, is not

‘eepondent upon the period of the attltude change (see Flg la). Twenty four
- cases of attltudo and vcrtlcal velocity changee were then selectcd from
flights made on 6 July and 18 July.  (The portlons selected vere those where"
“there was comparatlvely llttle change in airspeed and wvhere the change in
‘vertical velocity of the glider appeared to be duc to a change in attitude).

/n example is shown in Fig. lc. .The wnvelengthe of the 24 cases varied from -

6 to 24 seconds and the average, for each day, showed that the conver51on

factor should be 1.0. A = 0.032  to O, 037“'radians

“was selected and is probab]y correct to within + 25% for these two days.

This conversion factor is also dependent upon the state of the battery

'operatlnp the artlflclal horizon. Moreover whcn the attltude of the air-

. craft is alt eréd and then returned to its orlglnal angle the artificial

horizon does not always return to 1ts original position. There is also a
slow drift in the instrvment.- These problems, and their effect upon the ..

reduced vertical and horizontal wind components will be discussed later.

,Dry'Bulb Temperature: Caiibratod by the Principal Investigator'at the Dept.

of heteorolpgy, Imperlal Coflege durlng a perlod of one nonth after the field -
operations. The relative accuracy (c.g. on any onec pass. through a thcrmal)

can bc taken as + O. 02°7 and the absolute accuracy (c.g. comparing tempera—'

ture of 20 C with 8°¢C) as * 0.03°C.

{let Bulb Dcprcselon‘ Calibrated by Pr1nc1pal Inveotlgator at Dept. of hcteor~‘

ology, Imperial Collego during a period of one month after the ficld investi-
gation. « uru&ll rc-cn"culatrng wind tumrel, where the mo:.eturc. contcnt of -

the air could be kept conutant for a rcaconable length of tlme, vas used for

the calibration, There is a slow drlft in the zero setting of the 1nstrument

with time. The relatlve accuracy of readxngs taken during any one run is

+ 0. 025 C when the change is less than about 2 C and + 0.05 °c when the change

i greater than 2 °C. nhen comparlng the absolute value of readlngs obtained
at the beginning and end of a two hour,fllght the accuracy would be + 0.1%,

A factor, p s 0.034




REDUCTIOR OF DATA

From the. abovo 1notruncntu vie Wluh fo obtaln valucu for thc followlng

liotation

Dry Julb Tcmpcrafﬁrc: | _: o ' .’._ ' tD
-Drv Bulb Pot@ntial Tcﬁpcraturc o 8y
ldct'Bulb ;cmpcraturd » | - i .- _ A ty
Virtual Potential Temporaturc ) | ey

| ifixing Ratio' T T
Relative Humidity S RH
 Vertichl ¥ind Velocity | L i
 Horizonta1 Wind Velocity SRR v

" Reduction of Temperatures

Portions of 2 fllght whcvc tunpcr"turu data only was obt 1ined (1 ¢ tow,

des scent splralllng 1n thcrmal) woere handled ucvar"tcly fron those »ortions

~ Units

grans/kilogran |

f’
/lJ

n/z
n/s’

where velocitics were also required (i.c¢. pass through thermel).

The d051rcd values of temperaturce and hunidity, ctc. were comnutbd from

‘the follow1ng formula (from Handbook of uctcorology, l9h) and Smithsonian

thCOfOlOElCul Tables, 6tb'Ld1t10n, 1951).

The dry bulb was corrccted for instrumcnt error from the indicated read-

1ng t to t, by hand calculation.

d
b= vd - (V. b8ou vlrpn) Then o

iy ® 27%.,16 = dry bulb tcmperature, i
Ty = Tp - (td -_tw) = wot bulb temperature, s -

'I‘v = Tp 1+ 1.6w = virtual temperaturc, OA

. _ L+ w

0.286 ’ :
QD = TD lOOO = dry bulb potential temperaturce,
. 0.286 ‘ ' R

GV = ‘I‘V 1200 = virtual potential temperaturc,
IR = 1000y = "9432%3%9 = mixing ratio, gr/km.

R = e = ralative humidity.

v

Then further corrcction for airspeed gave

dbe

(39




e

“where

and’

B6

e = ¢ - Ae = c'- 0. 00066(1 4”0'00115 by | P(t t ) = vapour vressure'."

cf~ raturatlon vapour pressurc at vet bulb temperaturc.

e_ = aaturatlon vapour pro sure’
. »
In % . =25.22 Eg_;_273-16 531 In D

. ’ B . N . ) - , - ) . N
) (Fgr c:‘rgpla;c e, by'?band Tp by Tw

o T 5. 256
p=p (1- 8 Hft)'s/Rﬁ = 1013.2 (1 - '0019812 H, ‘) |
' o) o . , . v
=\pressure, millibars
‘ The folléwing quantities were printed out: time (hrs., min. écc Yy
pressurc height (metres), pressure (nillibo rs), dry bulb tompcrature, dry .
bulb potential tcnporaturo. v1rtual potcntml tonphraturc Tv TD' wet bulb
tcmper“turﬂ m1x1ng ratio und rcla+1vo humldlty.‘ ‘
On some occasions the wet bulb no»cntmal temperature vas obtained, from
& large calc tcphlgrum using a combination of 9 ‘and MR or td’ t and
pressure. The value obtalncd ew, is corrcct to i 0. l .

The followzng table clvcs the chwngce in QD’ QV’ cte. due to change" in -

~height, temperature, wet bulb depresaion, cte. (in the range of conditions

in which the values were obtained).

PRODUCES CHANGES TN

change in o - D v n/km D i
: : of - o O gn/km 0 .0
‘ c (¢ : ~ c c
airspeed -+ 1 mph 3.¢.01 F0.01 .00 ¥ 0,01 ¥o0.01
pressure height + lo'fect + Q.03 * 0.03 .OO' 0.00 0.00
ty +0.02°C -~ +0.02 $0.02 +0.01  +0.02 +0.02

1+

(tg - t,) - 0.05 | 0.00 ¥0.01 FO0.04 0.00 ¥ 0.05




o
..
assumed accuracy (to nearest 0.05) X
» ' R gD_?_V_; »'l*xR»..
~onruns ., o *0.05 “i0.0s ‘ i0.05>.
R R B
. on soundings g . ,V—Oxjo ..»70.10‘ =0,15.

Rcductlon of Vcl oC 1tles

" The horluontal and-vertical wind componcnts (U and V’) were obtalncd from

tlu. follox.lng equﬂtlons

V. dv 2uV Sy ey
C§O 1 _____ (V -V*) vl(_/\___/\g) - VL Vo +\>

W

g *Vo 7, A | .
U=Cof V-v. + B VY1 (v-v ) + :E: - "To'd (V V*) ¥ :E: SV (A AR
D iV ]—=""To i »
iLg ' t=° VQ t=o0 '
Sor Ly, 4 );_
U:CD(L-n—H—-_V— o + v
- - . o - N . .
{5 8 TooVs (v-v) . ,
U=CD(V-Vi+evi = - ° ’,z‘h +Z-N
vihere p _ ; ' _
CD‘=——--1-9-§-9--r'p-2 = corrcction for density (based on standard atmosphefg)

V. = speed for minimun drag coefficicent = constant = 23.5 m/s -

u(o = angle ©f incidence at speed for min. drag coei. = sonst. C.135 radians

v_ = vert, vel. of glider " # " nooon "

. = const. = -0.85 n/5
g = 9.81 m/‘s‘2 , ’ 1
V., = indicated airspeed, n/s Fo

v = corrccted variometer rcading, n/s ;v =C, vi)
A = attitude, radians (A= C A )
| by | |
Ve = b=
2n = 1
t4n
N
én + 1




EEV

no. sets of ﬂata '

'V = average airspeed throughout run =

M e
'."dv= _.'2 - - 2;
 at ~t+r¢1 * F+r e e IR
2 .2

if C‘ovf 4
IR
Woe 2 Vi ',(Vi - y*)
i Vv
Vo

= Vil - A

=t
Q-'C;
<

—
-
if

“Tue aVuzablng 1ntcrval 2n+1, varlcd fronm ubout 20 to jO seconds \n is
“uwprullmatcly rqunl Lo thc nunbor of ao»onds at camern upuud of abuuu

flumﬁu/ubc ). :
- e interval, r, was uuch that the vcrtlchl accoleratlon wa aVeraged'

ever 1 to 2 scccnds. ,

The prOgranne a8 divided inté two portlons an 1ntormcd1ate and a flnal.-f
.fter the intermediate computations thc.follow;ng sets of data were prlnted
out: time (in scébﬁds from start of run where t=0), Vi (n/s), V*’(m/s), A
L, ¥, I, H (meters), L(t, - t;_)v + H (mcters. _ '

» This latter figure, the 1ntcsratlon of the varlomctcr, was computcd in .
: order to check the conversxon factor, Cv’ whlch ‘vias orlglnally dctermlned
by hand. : Ny L )

Corrcction factors, K and n v were 1nscrtcd in thc flnal ‘progran in _
case it was felt, after exan1n1ng a dozen or so runs after the 1ntermed1ate'  i;
program, that C and C had been dctcrmlncd 1nccrrect1y. yor cxhnple, Cv :
was originally est:matcd from hand computatlona to be 1. 25 .fteor cxami-
nation of S:(t. - t} )v + H 1t was d001dcd that a more accurate flgure :

+would be 1.20, maklng K, = 0. 96 :
The following scta of data were prlntcd out after thc flnal conputatlons

time, v (m/s) W (m/u), U (m/s) 6 Oy " MR, RE, Ctpe

E/anplc of rcduccd data . v :
The followlng tablcs glve an exanple of orlglnal dnta and ruduced values

printed out after the intermediatc and final prograns.




f,ImQut:" o

‘:..‘ Day fiighf Run .C§ i Ci  'CDv n r
f;é i_ 33 ,41;2 j.OB} +1.96 '30 1

time  Heo ooty (gt Vi, v CAcmme

0 K095 . 6.85  1.b5 49.3 .7 5.75
- .7 ‘ 4095 . 6.85 : L 1.0 49-’4’ . ‘-55 . 5.5

1.2 k095 . 6.85 135 b9 - =5 55

1.7 ho95 637 1.3 b9 ~.5 5.5
2.2 k095 . 6.87 1.35 k9 -.5 5.5 -
5 4090 6.87, . 1.35 49 - =5 5.7
3.5 4090 6.9 1.35 48.6 -5 5.75
Cutput aftcr.intcrmediatc p??gram' 7 - 23.36 B )
time .V Ve a' L 1 ioom (gt vy o B

0  22.26 22.26 5.75 +0.03 +0.00 =0.00 1248 1248

.7 22.08 22.08 5.58 +0.04  +0.00 +0.06 1248 1247

.27 21,90 -22.01 5.55 +0.03 =0.03 +0.04 1248 1247

7  21.90 21.95 5.61 +0.01 -0.01 +0.08 1248 1247

2 21.90° 21.84% 5.72 +0.00 +0.01 +0.17 1248 1246

D 21.90 21.84% 5.86 ~-0.00 + 0.02 +0.08 1247 1246

5  21.72 21.90 5.92 -0.62 ~-0.0k +0.13 1247 1246
39.7 22.53 23.33 3,40 -0.08 -0.21 ‘-0;46 1213 1218
k0.2 23.24 23.33 3.41 -0.10 =0.02 -0.66 1213 1218
46,7 23.2h  23.35 3.43 - 0.06 =~0.03 -0.45 1212 1217
41,2 24.59 23.37 3.45 +0.07 +0.34 -0.04 1212 1216
1.7 25.21 -23.39 3.46 +0.2h +0.52 +0.40 1212 1215
k2.2 25.94  23.44 3,48 +0.35 +0.74 +1.08 1212 1215
43.0 24,94 23,48 3.48 +0.32 +0.42 +1.68 1213 1215
43.5 24,94 23.52 3.48 +0.19 +0.41 +1.26 1215 1215

Imput before final prdgram: K, = 1.00 K. = 1.00

Output after final progrom: o »

time _z_ W i) GD‘ GV MR - RH tp

0 -0.84% -0.01 +1.17 291,01 292.03 5.77 0.82 6.66

-7 "'0-66 +0-13 +1-36 291.01» 29200"" 5;82 0-82 606’}

1.2  ~0,60 +0.22 +1.56 291.02 292.05 5.86 0.83 6.67

1.7 ~0.60 +0.14 +1.54 291.04 292.08 5.91 0.84 6.69

2.2 =~0.60 + 0.01 +1.50 291.04 292.07 - 5.87 0.83 6.69

5.0 ~0.60 +0.10 +1.46 291.03 292.06 5.87 0.83 6.69.

3.5 ~-0.60 +0.08 +1.63 291.06 292.09 5.88 0.83 6.72
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time WU N o

. B 1°

B
Ef
d—

v D

29.7 =1.08 +0.34 +1.26 291.12 292.33  6.89 O. 95 7;11
ho.2 ~1.26 +0.17 +0.62 291.10 292.31 6.84 0.9% 7.10
%0.7 =1.44 -0.19 +0.70 291.09 '292.30 6.3% 0.94% 7.10
h1.,2 ~-1.56 -0.95 -0.85 291.07 292.27 6.82 0.9% 7.07
Ch1.7 -1.33 =1.22 -1.68 291.08 292.28 6.33 0.94 - 7.08
h2,2 ~0,72 =1.33 =2.73 291.10 292.30 6.8% 0.9% 7,10
43,00 +0.00 ~0.93 -2 237 291.12 292.35 6.85 0.9% 7.12
6.74. 0.93 7.09

3.5 +G.60 +0.02 -2.50 291.11 292.30

Estimation of .ccuracy

Fig. 2 shoWs'thc‘vclocity data from the first half of Run 3, 18 July

1961, Flignt 3 (part of which is givcn in the tables above). The accuracy

of bpth the horizontal and vertical wind comoonents is lwmltod by the ac~

vurncy of thé artificial horizon. Thls 1nstruﬂcnt was rcad to the ncarcst
(.25 mm; in terms of vertical v01001ty, an crror of —0.25 mm'corresponds
to about X 0,20 n/s. Jnother ~ 0.2 m/s error may bc 1ntr6duccd vhen atti-
tude changes arc comparatively grc*t due to a poSsibie error in the coﬁ—
version faéﬁcr, C.. .n nven grcatcr error in thc ‘vertical v»1001ty can

LEY

occur when thorc arc rapid chnnges of attltude. _
.n example is ghOun at t = 40 to Iy scconds on the diagram and is

?ypical of what happens after an abrupt change in airspecd. Starting at .
$239.2 there is a sharp increase 1n ‘the alrspccd. This is followed one
second later by a '"nosc- up p051tlon of the glldcr s attitude (Jumh de- -
creases) - due either to the pilot inadvertently pulling back the stick
or to the responsc of thc aircraft to the hor;zontal gust. One sccond .
later, at t =vh1‘2 the glider starts to climb (or, morc correctly, sink
less rapidly). It appears, although we cannot be certain, that the ver-
tical velocity changes between t=441 and t=46 are due to a change from
kinetic to potentlal cnergy . Because there is a tondcncy to be slightly
out of phaue, thc accuracy of thc resultant wlnd spced, ‘W, is decrcased
as the amplitude and frequency of the attitude change is 1ncreased -

~ The running means, A* and V*, were averagod over approx1mately 20 : . .:—A
soconds except at the beginning and end of the runlwhcn,Lfor‘examplo, the |
mean at the sccond point was the average of only three points. This is
satlbfactory when the attltudc and airspced changes at the bcglnnlng and .

end are small, but add1tlonal errur is introduced when they are 1a*gc.

# In these caues.J&* and V* were extendpd fron about ten seconds to give a




B A1

“sricoth slope,

ahdAvalues of "M and "N'" werc determined by hand and used
to adjust the machine~computed values of ¥ and U. ' I

The error 1ntroduced in W dUL to an ‘error of - 1 O nph is only about

1o n/s and is conparatlvelJ ncgllglble._

It is not possible to statc the cxact accuracy of thc vertlcal spced,V'

W. In gener 2l qn accurwcy of £ 0.4 n/s was assuned exccpt 1nned1atcly

L

aftor Tapld and 1argc changes of axrgpccd and/or attltudc On. & number

of runs ' whore tnc changes in ¥ and U (or V) are less than about 2. O n/s,'

1t is probnbly safc to assume the 1ccur1cy 1s at least as grcat os - 0 3

N/o. Ho attbnpt has beun made, and pcrhaps should not be madc, to study

:+he small scalu fluctuatlonu.

To attcnpt will be made to ascnrtaln the accuracy of the absolute

value of U. It should bevgafc to assume. that the changes 1n the hori-

~ zental wlnd over - conparatzvc1J shoxt periods arc accurate to about +20%

(but.npvqr grc“tcr than < 0. 4 n/s) when dctcrnlnlng nct 1nflow or out~-

flow into thc"thcrn al conclu81ons viere not - drawn unless the graph of both

U and V 1nd1catod ulgnlflcant net flow.

On some of the graphs, nogtly thouc where thcre arc compar tively '

‘largo attitude chanbcu,_uoth \I and v, and U‘and V, were plotted.




1300  nearly solid spread- out of cu abovc glldcr

Part IIT  THE DiT.

18 July 1961

_ _ . T S S e
Tour flights werce made on this day. Pertinent information, including .

rround and flight observations are given below.  Times are British Summer

‘Pime (GiT + 1 hour).

3ite: Lasham, Hampshirc :
forccast: * G - ;/8 str. cu 1ncrca51ng to ;/o cu, base 900 1500 n., topo
”COO - 2400 m., showers unlikcly '

- & e -

‘ 0750  ¢loud nll, wlnd sllght _ _ _ ’
0900  small cu forming, basc 7 - QOO . ,‘nurxavc wwpd h 2-3 knots, at

warey

cloud base 10 knots 1N

'0920 cu increas ing vcry rﬁ)ldly, covcr 1ncruaged from 1/8 to 3/8 in

10 minutcs’

CYC cu increased to_G/B cover, base ubbut BOC'm; wind at base Lk

10 knots v
1050 cu cover decrinsed Lo 5/8, base about 9C0 m., tops about 1200 .

110k glﬂdcr takes off; v 51b111ty 6-8 miles, surface wind I 5-8 ktu‘,
cloud base 975 m., cover 5/8, tops of smaller cu obscrved at 1100n.

1136 - glider lands

1145  glider tokes off for Flight 2; good 1ft, and d0wn, encountcred on
tow; from.grqund cu seen to-be ClOwln qultc rapldly to ﬂbout 1500r.

1218  glider lands _
1230 cu increasing in size and giving 6/8 cover

1240  glider takes off for Flight 3 cloud bage about 1325 n., cover in-~
.~ creasing to 7/8, wind at ground 1-2 kts. . :

1250 sore cu flnttcrlng cut -into strato-cu, sone formlng well and going
to 1600-13C0 n. : ‘

1325 glidex lands
1?;80 strato-cu fcbout 13-1400 n., necarly conpletc cuvcr, 1ift murglnal
1530 7/3 ovcrcaot. some cu underncath, surface wind N. 8-10 knots

1600  glider takes off for Flight U; cover decreased to about 5/8; dark
' and overcast to N, ill-Gefined basc about 1400 m., visibility
2~5 miles. From ground: onc or two larger cu develope to about:

2C00 m. but flatten out. o : S

1644 glider lands

- 1700~ cloud broke up (from about 1600) and cleared during latc aftcrnnon

and cvcnlng
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 Fig. 3 "’18 July 61 " -~:,-Flight’2 ca.

The d;agxam oppos ltu ShOWo data obtwlncd durmng ul& travcrscs through
‘a thermal. Runo 2, h, 5, and 6 were nndo at helghts from 901 m to 600 m
<through onu thornal. Runs ? and 8 werc made through a dlffcrcnt thcrnal
at hmghtu trom b3l o 386 m. ' -

The scale uscd is the same for all dlabrans'

W, vvrtlcal wind specd. - Ten=2.0n/s
:hR, nixing ratio ! _ _' _‘ 1cm = 0,5 gr/kn
, . Gv, v11tuul potenticl tunphlﬁtUIU ?Qcmf:_o 5

'Qb, dxy bulb putuntlnl fumpo“tUrQi.‘1 cn o= 0;5

u, horizontal wind opued : ' 1 em = 2;0 m/s
(vositive in dlrQCulOA of glldur)

Ir some cascs V, airspeed of glider, has been plottbd. In Run 8 the

verticnl speed of the glider, v, has been piottcd taklng the normal sink-~
ing spnecd into ‘ccount, 1.;., if tnc"c vere no corrcctlonu for attitude,
~adrspecd or Jrrtlcnl QCLLlLPdulOW th'n thc stwo curvca, v and v, would coin~ .

It

cide, . : .
11l are plotted vs. time (t = O at start of run) and 1 =5 seconds

or approx1m“uoly 120 meters.  The oltimeter was set at 1013 mb which gave‘
o= 150 m. at airficld clxvntion;. ‘ ' .
Run 2 was made’ about 150-200 m. Welow cloud basc under a small cumulus
that had just rccdﬁtly'formod. The datz obtulnod is typical of \hat one
- would expect uhcn traversing a2 moderately strong thermal. The horlzontal
. e%xtent of the cloud above is shown fronm 93 to 107 sccondo, i.e. a width of
 aout 20 n. , v' ‘
Run 3 'is not shown;'the'pass was ﬁétvmadc thfoﬁgh thé'ccntre of the
thermal. ' ' . ' ‘

Run & began, or rather *hc camera was turned on, - whcn passing under

the southern edge of the cu above. ”hn vertical anocwtlcs are still
‘comparatively high, abeut 4 m/s; the horizontal dimensions of the cloud
have increased. (It showld be noted that a mork is made when the glidér
is directly under the edge of the cloud. .s ﬁhe distonce bétween the
cloud base and the glidcr incrcasos'the 1ift that is cﬁcountefud is dis-
placed upwind. TFor example, when headlng in a northerly dlrectlon thc
'cloud above would be hown, on ‘the diagram, to the left of the arca of
lift. The wind at cloud base was NHW 10 knots.) ‘
 There is a region of comparatively dry air (Run 4) on the northerly

cdge of the thermal; there is a decrease of\1.3'gr/kmAin about 36 neters.




.C,

oM

! " . . . e
" mnmun valuc of ).’+ rr/kn is rcuohnd comparcd wn,th an avcragc value of

.+ gr/lca in the Luovmal If the run had boen contlnucd it is probable

uthat thd3m1x1ng ra on would hwvc anrcaocd f 1rly rnpldly to 6.5 or / 0

gr/km. _Thsrc are o cons 1dcruolu nuuber of cnses whurc thc thermal L

surroundced by a comparat vcly narrow belt’ of dry air. It can be argucd

that this dry alr mugt, have come: irom wbovL cloud base. . This will be

discusshd later.
Run 5, nade bout ,,b . below b“u N ShOUu & conaiderable dccroas

'1n the vortlc 1l v»locmty .The Clldur is now probnbly ‘well below the

main o%rt of the tnbrmal.

then Rud 6 was made it was noted that the edges of the cu above were

bocoming ragged.  There is 2 definitc indication of inflow from the hori-.

,ﬂont 1 wind speed (DOUILlVL followed by negative U midway through the re-

gion of 1ift). Compare iR, GV, and GD with curves obtained in Run 2.

CRun 7 was made ot a hoight of sbout 270 m. above the grounﬁ « plider
was spiraling less than §C m.iabCVQ‘dnd this glldor was uscd to mark the -
thermal, There is no'corrcciion to the: vclo*1t1c° for attltudc " (The
artificial hori:on'h ~d bien uuwnrd eff. ) The thernal is con51durably_nar-
rower and the tempcraturc ¢xcess greater than that \Pcountewcd in the pré--
vious thermal 500 ri. higher. Theore is on 1ﬁd1catlon of outflow but one
should perhzps not put too ruch enphasis on thls since U is not corrccted

for attitude.

Run 8 is a sccond pass nade thr ouﬂn thc sane thcrﬂwl 1bout %0 n. 1ouer'

:

or roughly 130 n. lower, relative to the thcrnal c*p, if onc aouuncs 150—

lated thermul theory. Tho artificinl horlucn hﬂd Juot been turned onj

because of thl; both v and V have been plottbo.
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and during Run §.

‘Sounding, ascent:

Ch

- _Figurc b
The s ound1ng m5do during #light 2, July 13, while on tow and during

descent v shown opponxth. QD’ GV; and MR arc plottcu apainst preSsuro-

ers.  The height of the airfield is 157 n. with the altlmctcr o

-hvight,.ﬂy’in nelers.

(True height of airficld is 170 m. .SL). - The range. of yalues"

set at 1013 nb.
ur¢ plotted at their mean heights.

Obtulnbﬂ for QD’ ”V,-and nR during the runs
ﬂloo shewn in the figure arc valucs obt ined during the first part of Run 2

The firsi readings were made at a height of about 5 m,

above the qround. There is o sharp decrcease in the potential temperaturces

and mixing ruvlo in the lowest levels. It *hould'bc pointed out that 1fte

the glider has reached o height of 30 - 50 n. it is no longer over the alr—

ficld (graug, ¥ith dark Cuncrcte'runwuys) 50 hut‘one must bear in mind that

temperatures recorded ab 480 m. arc over .o different region than those taken
oty say, 25C m. lLeverthalése, frof all the sountiings made 1t is aifficult

to discern :ny apprecinble super-adinbatic lapsc rate except in the lover

; dozen mebers. ,
The glider relenged from the tow plane in clear air at 1080

Hs

.y Just

atove. the cloud Lase. The tases vwere ill-defined and varied roughly 30 -

50 ncters.  The first run (range of valuds only shovn) was nade through

the basce of a small cumulus at o height of 1040 - 1033 w.
The first half of Run 2 is shown at tﬁc top of the figufe. 4 onark
was made at b seconds to indicate the glider was passing from under the
edge of onc cleoud and at 36 and 57 scconds “to indicafc flying under another.
ugcin vie have the very stéep gradient of nmixing ratiof' Tho_ﬁir is descend- .
ing u]‘thlj under the cu and it is negotively buod“nt. . note wis nade
that the ap)uurch to be in the ClSS&pnt’Hg stage.
The thermal cncountercd during Run 9 was at 2 height of ubout 160 n.
above Lhc ground. The data is not continuous because the camera was op-
‘erated by hand, and reduction of V was by hana. This iz the greatest

temperature cxcess that was encountercd.
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Fig. 5. 189July  Flight

: This‘flight wus rade just prior to the one pfqviously dqscribcd. The

tow was continucd above cloud base which was about 975 m. The tops of the

smnller‘cu extended to upproy1natclj 1100 m.,'o'few hqd risen to roughly

1200 m. It was qultc utﬂblb above the ba 50 (ullght imversion at 1100 n.) .
ind'thc air was dry. - .

Run 1 wos nﬂdc throurh the top of a cumulus. Onc nust not be too
roady 4o accept tcmpbraturcu takcn 1n91dc cloud,tnnd for 2 or 3 scconds

after éncrging, but thosc which have bccn rccorded appear to bé reasonable.

The tops of the cu are bucyant only Ulth rbupCCt to th01r 1nncd1atu
1 en = 1.0gn/km).

surround-
'\Lotc ‘that mixing ratio scale has been doublcd so that

"Rin 2 was'madeﬂthrough two cunulus approximatcly 50 n. above their

‘bases. - There is a stecp gradicnf of the mixing ratio only when cntering

the first cumuiuo. 0 nbd'ratcly strong downdraught and a comparatlvely

large tempcrﬂturc grﬂulcnt were recorccd after encrglng from the second

cloud. : ’
On Run 3 therc appc*rs to be three scperqto regions of 1lift under the

cumulus. Thc situation is not clear cut. : '
On the descent a comparativcly wide area of sink (4 m/s) was encoun-

tered at about 500 m.
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Fig. 6. - 18th Juy Flight 3
: Fl;ght 3 was que about noon G, M T -The lapse rate is ncutral exccpt
for the unotwblc ground 1aycr and thc otublc laycr near cloud basc. Cloud

cover had 1nLranOd to 7/8 due to oprc ing out of cu. Vhile on tow it

as noted that base was roughly 13 4?;91{} however, on Run 1 the glider was

in cloud at about 131) m. AL 1170 m thc glldcr was towcd under a cu. Values
U of Qv, QD and MR are plottod vS. tlmc (or horlzontal dlstonce, 1 em X 140 m)

for this poztlon. _ There is a rapld decreaoc in mlxlng ratio (about 1 0 gr/km

in 30 metres) when the glldcr pusocu under the edge of the cloud above. _

Run.l was made above cloud basc. From b to 18 seconds there is a rcgion
of lift, (Vortlcql vclocmty bcalc hdo been altercd so that 1.0 cm ; 1.0 m/s.
There wag little change in attitude throughout this run so0. that greatcr
accaracy was achieved.) Therc is an 1nd1cat10n of tcnper ture oxcesr and

.anrcaocd m01oturc contcnt (thouph the latter is sllghtly‘outfof phase);
The horlzontwl voloc1t1cs indicate a region of outflow. Thls may be a case
of the glider passing through the top of a thernal in which, because of

" dryer cir m1x1ng in the thermal cap, the moisture content is not high enough
to form cloud. oevcr&l»tlmes the writer has encogntored weak 1ift in clear -
air above cloud base. The gliders position can be maintained for about a
minute as condensation slowly'takes‘ploce around the aircraft. Lift thcn,-
increascs and the glider can risc in the ncwly formed cu.

In the latter qut of the Run cloud vas entered'at'1335‘m.k

Run Run 3 is the same as that given 1n thc prcv1ous section on data reduc- ‘
tion. Durlng the run a notc was made thwt the cloud above was in the dissi- -
pating stage. The data obtained corroborates the observatlon. In51gn1f1cant
1ift was encountered ond therc is a definite 1nd1cat10n of inflow. The cloud
above was the same as that entcred during tho latter part of Run 1. (The '
2nd:run to the NE is not shown,. it was started just after the edge of the
cu had boen pauscd ) Vhen the gllder emerged from under the NW ecdge é similar
drop in mixing ratio was cncountcrod.

At the time of Run 5 there was a nearby complctc spread out of cumulus '
abovc. Ve still encounter the comparatlvely narrow bands, or pockets, of dry
air. It is belicved that these pockets have descended from the relﬂtlvcly
dry region above cloud base. They appear to be more prcvalcnt during the

latter stage of a thermal's rise, i.c¢. well after cloud has formed. The




"C7'_ '

steep 5rad1ent and narrow w1dth 1nd1Cdte that there has been comparatlvely E

little’ m1x1ng bctwenn the dry deucendlng a1r and the moist ascendlng air.

.jh pockets cxtend at least 300 m below cloud baoe.
~Run 5 contlnued longer than 5hown but the” camera unPortunately ran out

" of film. During the latter part of the run (not shown) the glider flew
under "a fairly dark base" whcre a ‘wide area of l;ft was encountered.
‘Temperatures were noted on the ascent. The dry ‘bulb potentlal varied

from 291.0 to 291 3 A and MR from 6 o to 7. 0 gr/km between 250 and 500

metres
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- Cloud base, ‘MR, and QD vs t1me"

_ It is of 1ntere 3t to summar:se the temperature and mixing ratio obtalned
iuring the first three flights on July 18, from 1100 hrs. to about 1300 hrs. -
BST. Durlng theseé two hours the cloud cover 1ncreased from )/8 to. 7/8, and
the cloud deoth from 200 metres to very roughly 500 m; at the latter tlme,'
however, the majority of the cover was due to "spread out” of strato-cu.
. The cloud base was observed at four’ times; as stated prev1ously, it

was 111 deflned.b DrJ bulb potentlal temperatures and’ m1x1ng ratios that were
encountered when traverslng thermals, either on runs or during soundings, have
been used to compute cloud base (as sumlng parcel theory). These computed
values have been displaced in timc to allow:for the thermal to reach conden-,
zation level. A rate of rise of 100 metrcs/ mlnute vas assumed A linear '
iine has been drawn through the p01nts g1v1ng a rlse of cloud ‘base of about
200 m per hour. - »

~ The maximum mlxlng ratio observed at ground level is roughly constant
with time; there is an increase and then levellng off - of dry bulb potentlal'
temperature.. All measurements-at ''ground level"’were_taken when the glider
 had reached an airspeed of about 20 m/s'andvthe‘lnstrument a height of roughly
2 metres. The maximum values werec always recorded below about 15 metres over

- the airfield. (During take-off and landing the gllder samples only a small
port:on of a1r, the naxlmum values recorded, thcrefore, are not necessarlly

" the max1mum values over the airfield at that time. ) »

The mlxlng ratio and G values used to compute cloud base are plotted.‘_"

There lo a decrease of about O 15 gr/km per hour in the n1x1ng ratio. The_

minimum MR valués obtained dur;qg the soundlngs, whlch are also plotted;

. show a greater decrease with timc. Only two points of minimum MR above cloud
base are shown. It was only on two occasions that the gllder was towed to
suf£l01ent height above the bacse. o A :

. The decrease of MR in the middle level sdggests that the rclatively

'dry air abovc cloud base has descended adjaceot to the rising thermals and

that this dryer air waseventually mixed into latter thermals.
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Fig. 8_.,;' .18 July‘l%lw’ R Fiight b
Pllght b was made latcr 1n the afternoon, from 1602 to 1644, prlmarlly

to make a boundlng‘ ; A .
‘ Vlslblllty wag poor, about 4 nlles, and cloud cover began to docrease

from /8 to about 5/8.

From’ 1000 m to 1100 m a pasu, whlle stlll on tow, was made undor a cu e

and the values obtained arc plotted on ‘the dlagram (1 cm = 1.0 gr/km l em =

l 0 A 1 cm = 10 sccondu). Cloud base, whlch was 111 deflned, was observed
at about 1400 m. Thc range. of values obtalned durlng the flrst run after

~ release -arc plottcd on thc ascent soundlng at 1360 m,

Therc were arcas of weak’ llft, and_soarlng was.possible.' The values at

' 11“0 m on the descent sounding were obtained vhile sbiraling in a thermal.
A dry bulb potential temperature of 291. 8° A and n1x1ng ”atlo of 6.7 gr/kn

aglve a computcd cloud base of 1450 m. v )
:  In the lower levels ©, and MR arc not plottcd because ‘the instrument -

measuring wet bulb depre‘eion was off-scale (greater than 5 ). The circles
_ at about 800 and 600 metres dencte the maximum p0951ble values of QV and MR,

i.e. (tD W) was taken. equal to S 0 C.

.,




le Julx 1261'
Threc fllghtb were. made o thls day.. Gpound_andvfiigﬁt'obséryétions

' aze glven below. _ o _
After an overnlbht raln there waa stratus coverlng most ‘of the sky at

0730 Durlng the next hour there Uﬂs sore - clearlng and cu began to form at
~.about 800 m. Cu increas od rapldly and ‘at 0900 thcre was 6/8 cover, w1th
some alto cu above it. Jlnd E to NE' 5 kts. : :

, . Forecast 5/8 atrato—cu at 900 m rlslng at l)OO m. .otrong 1nver51on
'.at 650 mb and above that unotable a1r up to tropopause.' Showers predlcted o

later. hlnds 10 - 12 knots.

1030 - low strat6~cu gradually'burnt'off'leaving‘4/8 cu.
1130 ‘wind.NE S 10 kts§ small cu noﬁAWeil'fbrmed -~ eaéh sgparate;'remaihé
vlng shallow. ' ' o '
,1218,' gllder takes off for Fllght 1 “cloud base about 1150 m, wih@ NE 10 -
o kts. ' ' o ' o
1259 - glider lands 4 _
'_1315 ‘ gllder takeu off for rllght 23 4/3 small scattcred cu, base lZOO.»‘
1400 'cu th1cken1ng and becomlng more gpread out.
1455 glider lands. N
lBOO-i?OO cu gradually decreasing until 1700 when only one broken line of
- shallow cu deserved to east. s ‘ . '
1655 gllder takes off for Fllght 3.. Wind at_cloud.bdse NNE 10 kts., qléud
' base 1400 s ' L

1745  glider 1ands.




Fig. 9. - 19duy . Flight 1.

The soundlngu arc 51m11ar to thooe obtamned the prev1ous day, i c.

unstable ‘layer in 1owcr few dOuhn metrcs, roughly udiabatic in mlddle level
.and stable, dry, layer near cloud ‘base. The X's on the asccnt soundlng mark
5:values obtalnod after the gllaer had r01CAscd from tow.‘ Cloud base varles
about 50 metres. At 1150 m o pass was made, while on tow, under d cumulus
and the vaiues obtained ard piotted.‘ Tempcratureb from 800 to 500 m on thc |
:descent vere Ootalncd while uplrallng in a rcglon whcre therc weru no clouds
.abovb. : e . o ' J' ’
~From 1235 to 12&0 BST the glidcr sPiralled up in a thcrmal MR, Qv
and GD are plottgd,vs height and the hcmght of the cllder is plottcd vs time.
The X's denote values obtained just prior to entering, and after lcaving, the
thermal. .The glider entcrcd cloud at 1100 n and broke off. the climb at 1190m.
e slope of H vs time is falrly constant ‘and 1nd1catcs a rate of rise of 2.3

. m/s. Bince the glider was 51nk1ng about 1. 0 m/s the air, in which the gllder :

waé'splrullng, was rising about 3.3 m/s.. The time token for a 360 turn was
25 seconds which gives a turning radius of about 90 m.
Runs 2 and 3 were made through the same thefmal, Run 2 through thu base,'

Run 3 under the base. At 1242 BST it uppewrs that the thermal had rlsen well

‘above the height of the glider; wvertical velocities and temperature excess
measured during Run 3 are negiigible. This is one of the few cases where
dryer air was not observed .at the cdgé of the thermal. At 1242 BST it vas
:noted that Yedgcz of cu above are ragged but it still iooks good undor base"
A minute and a half later the glider went back under the cu to scarch for
1ift but "only found small patch with 'max. of 2. ) m/s" ~ The rangc of values
obtained at this time arc plotted at 975 m' the range of’ valucg obtalned
during Runs 2 and 3 arc shown at 1090 and 990 m respectively.
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Fig. 10 © - . 19duy - Fligat 2

Atvthe start of Flight 2,thdfg»was'&/8'$mail scaftcred,cumulus, bqse > o
10 knots NE.. s e
‘ On the nuccnt soundlng 9 only is plottcd bclbu ZOO.n;' (tb - tw) was
greater thwn F,Oo.' A pass, nﬂdc undcr cloud whllc on tow, 1 shorm. :
”hc deucent éoundlng was mwdc, from 900 to hbout %OO m,_uhllc 'pirdl-;.

ing in a downdraft.




o Ca

o

- battofy. _Jhen Lhc ‘runs were nidc the

“equals approximately 0.025.

7 computations;

conversion factor, CA’ appears

'frcduced values of i

‘.JU thcrcfore the alrspccd

'glldor was svlrallng in a “ther

. under a "line of cu 1unning NE-SH".

‘ccntcred.l
"shortcr portlons roughly 1.75

}VeYtlcal vulocxtleo tcnd to coinci

. Runith fﬁom g,= 60 sccongs to cnd

bllyw 2 ';_Rmm 3Jh5,6.

Fig. 11 = 19 July

he art1f1c1ﬂl horizon stopped duc to o wcék.

At the end of rl;ght 2t
Lnstrumcnt was opcratlng, howcvcr the’_ '
s to be dlffcrent from that . obt11nod for July

ﬂnd VLJthﬂl VLlOClty changes: 1nd¢cate thqt CV

A v 1uc of 0. 034 had bcen uscd for the nuchlnc
tha*appllcd bJ ‘hand, to the
uppllcd to thc horluontal specd,

18, Analysis of attitude

»ho wpproprlntu corrcctlon was
This curr“ctlnn was not
v, hug been plottud for all- runo.

© The soundlng, 1n the uppcr left portxon ‘of the dlagrwm, vias made when thn

mﬂl from 800 to 1000 m. Thc climb was made .
The 510p0, hulght vs tlmc, and the

scatter of tempcr"tur values 1ndlcatc that the thcrmal was not propcrly

”hc aohlcwud r"tc of cllmb for thc
m/s uns obthlnud

The glider broke off the cliub at 1000 nm and then proceedcd to make runs

(nos. 3,4,9, 6) under the linc cf cumulus.
of thcrmﬂlu rathcer thon an 1nd1v1dual,
dc with increosed v1rtual tenperaturc, C.8.

‘Run- 5 1nd1catcs thut the 11nc 1s conposed

The lata obtaxncd 1ndlc~tcs a

group, oOr line, lsolatcd thcrnql.‘

of two primary cells.

200 m is Mbout 1. 25 m/s" over o
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| Fig..lé ag :'1, "519*Ju1y “;f':_’-, " JFlighflz
Thu flguro OPpOgltC shows the dota obtalncd whcn thc glldcr was splral- i
1ng in a thermal from 840 to 1560 m. Cloud vias ‘entered at about 1320 m. |
LlAlng rao tlo ‘and pot nt1 l tcmporatures arc falrly conotant below ba-e, '
above baue the lupue rutc is bctuecn ‘the wct and dry ndlab“tlc (1f onc is to .
- ‘bclicvo temycroturos tnkcn 1n81de cloud). The- crosses, X, indicate values -
”1°f MR, QD ﬁnd 9 after the glldcr had omergcd from cloud and was dcucendlng
in leur "1r adgaccnt to it. s ' '

' ”hc graph of H vs time ShoWu a rate of cllmb of about 2. 8 m/U at 900 m,.‘
2.2 m/s at 1100 m and. 0.8 m/s at 1500 m, o ' | s
Runs A, B and c arc shown below the uoundlng Run A was made through -
the cumulus o n hnlght of about )U m above the basc. Bccauuo of the faulty
‘1rt1f1c111 horlzon and the fact that the camera was not running coptlnuouulyf
(opcrutcd by hand) vertical velocitics nave not bocn plottcd.. A graph of
“height vs time and tho lopo of -the normal olnklng speed are shown. o
- Rin B Was‘mido about 50 m below base and Run C about 250 m bélow. Ver-
tieal wind spccés, Wy of 2 or 3 m/s wcro obtaincd below cloud on both runs.v :

- The rapgo of valucs for LR, GD, ano Ow-that wo:é obtained during the runs
'arc shown at their respective heights on the Qounding At 920 m the glider
went under the cumulus agein, four rcudlngg were taken and the range ‘of thesc
,four arc shown on the soundlng. At this time. only "patches of 1n51§n1f101nt L
1ift" werc found. , » o
The comparat1voiy~iow'tempe atures that were recorded on thcsc'rﬁns have

probably bocn notcd. - The lowest valuc (289. 55 during Run C) is 0. 3 lowcr

- than any rocordcd on thc ascent sounding 1 hr. 10 min. carlicr and about 1, 5

colder than 1hosc obtmlncd when splrallng up in the thermal. These low values
can only be obtalnod by ev“por"tlng the edges of the cumulus into comparatlvely
" dry air and brlnglng the mixture down 400-600 m., It must be'assumed that the

valucs of MR and GD’ that were obtnlncd in clear air above cloud basc, are noh

typical of the air in which thu cumulus cdge evapora ted. It 1s only by going } -

back to the ascent sounding made on the flrot fllght about two‘oﬂrllcr, thut
sufflclcntly low values of the mixing ratio (# 35 gr/km) can bc found to-

account for the' 1ow tompcraturCD.
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: SUVMARY OF RUNS

The table opp051te summarlses the values obtalned durlng runs below cloud
bQQG-< The max1mum values of GD’ QV’ ‘MR and W, and the minimum value of d areA :{

kanot peak values but those which had a duratlon of at least two seconds. The |

‘z;delta values 1nd1cate the dlfference between 2 second minima and 2 second maxl-

ma. A A s _
The dlemeter of the thermal determlned from the velocmty pattern, from

the temperature and mixlng ratlo pattern and from the horizontal extent of the '

“cumulus above, is glven in seconds and- should be consldered an approx1mat10n f‘
only., '

. Comparison with isolated thermal model - _ ,

One . of the outstand ing features of the model is that the vertlcal veloclty :

in the’ centre of the thermal is about twice the rate of rise of the thermal as
a whole' the air at the edge of the thermal is descendlng half ‘the rate and
the maxlmun horlaontal ve]oc1t1es are roughly equal to the rate of rise of the
vhermal (The dlfference in the horlzontal veloc1t1es encountered by a glider
_ would be twice the rate.) ' - |
; " Caution must be used wvhen comparlng the values in the table; the runS’were‘
‘f aade at various positions 1n the vert1cal (relatlve to thermal cap). If one ,
" chooses a run, e. g. 18 II 2 thermal 3, when 1t is believed that ‘the gllder was -
traversing the centre, both horlzontally and vertlcally, then the ve1001t1es
encountered compare favourably with the model. ' '

On many of the runs there is a comparatlvely large dlfference between the

o mlnlmum encountered when enterlng the thermal and when. 1eav1ng. Selecting =~

those runs, both above and below base, when it is felt that sufficient time nAa*'
clapsed on both sldes, we find that in flve cases the max1mum downdraft occurred
on the upwlnd 51de .of the thermal, and on the downw1nd side 1n 51n cases. '(The:
wind was 5-10 kts. and steer negllglble ) On theéther hand the maxmmun down- ﬂw“
d*a;t ccourred when leav1ng the thermal in 8 out of 11 cases.

'nnothtr feature of the 1solated thermal model is that it has a flnlte
',Jepth and that a region of outflow is found in the upper portion, inflow in the
wower. Ve have two cases of 1nflow, 18 1II 6, 18 IIT 3 (or threc cases if 19 -
CUII 6 is 1ncluded) which were obtalned when it was confldently folt that the
"glider was in the lower ‘portion, The twc cases of outflow are not clear cut

but it is felt that the glider was in the upper portlon.




V”, noﬁogram are pre5cnted in the Appondlx. leen any two values of AT ) R or W

The formulae uued to predict the behav1our of the 1solateo thermal and a

cap’ -
‘the third may be determined. AT is the average v1rtual temporature excess R

s the thermal radius and wcab the rate of rise of the thcrmal as a whole. “Any .

Ltwo quantltles w1ll also determine a value of ”P’" whlch remalns constant through-

© out the life of the 1°olated thermal model. It 1s “of 1nterest to dnternlne the v7'»'

approwlmute value, or .range, of L% from the data obtalncd during the runs. The -
value may. differ from thermal to thermal but it 1s recasonable to assume that '

thlo dlfferonce would ‘not bc great whcn comparing thermals over a’'given tfr-

© . rain in ulMlllar condltlonu.

We are onlJ Juutlfled in taklng thosc runs wherc 1t is falrly certaln that

‘thc gllder travcrsed the apnrox1mate ccntrc of the thcrmal, i. e. 18 11 2 and

~ 18 II 7. .Phe AG values glven in the table arc close to the maximum tempera-

ture cxcess. To Cotablloh the avcragc excess it was arbltrarlly d001dcd to

“take the ‘mean of e from the entry and oxit’ colunns and divide by tuo. The

V-

",radlus, 1n mctrcu, was obtalned from a comblnatlon ‘of the vcloc1ty, tgmpera—.

B turc and mlxlng ratlo patturng. The rate of rise of the thcrmal, W ap,vwas .

determined by taklng ono half of thc 2-scc. maximam V. . .
These three quantities give threc points on the nomogram. A Single

pomnt vas sclected and tb; values at this p01nt arc given. bclow.~

“ rum and I .jrom dgtu from thcory }é height = 24, rclative
“. thermal LT R W LT - R w kK" of Z .. . to ground
SR o v T.eap . v T Teap o eap T TR 3

18 II2,3 960 .35 425 2.2 .32 400 2.5 90 1300 =450

18 II7,4 425 .42 230 2.25 b2 230 2.25 6k - 650 . ~k20

18 119,5 320 b2 220 1.8 .40 210 2.0 58 . 540 - -l+50

Run 18 II 9 has albo been 1ncludcd although the p051t10n of the gllder .
»rclatlvc to the thermal both horlaontally and vcrtlcally, is not ‘known. N
‘The height of 2 :p has been dctcrmlncd by assumlng the glldcr is in ‘the cen- -

',tre of the thcrmal the radlus has beon added to the glldcr s height. The

height of the thermal abovc the theoretical p01nt source, a, is getern1ncd
from the nomogran (& = 4R) and the height of the point source,: & ' relatlve
to the ground is then establlshcd. (Homght of ground is 150 m.) ‘
Comparison can be made with data obtained from other runs, or from splral~
ing in a thermal although addltlonal assumptlonu muut be made. On July 19,
 Flight II, runs 3, by, 5 and 6 wcre made under ''a 11nc of cu"' it is thorefore
difficult to classify' the thermals as isolated. On Run 3 there is an indica-

tion from the vertical velocities‘that there is a primary cell of 40 second

w o




. diameter.: BJ multlplylnc hO/L by the average sneed V (22 m/s) a radlus
u‘ of 44O ﬁ is obtalned. The average temperature excess and Cép'were deter-
‘ mxned by applylng the ﬂamc ‘rules as abovc. The three values,- urprlulﬁbly,
 give one p01nt on the, nomogram and a helght of Z relatlve to the ground
" that is 51m11ar to the above cases.. S L o
" rup and L from data,v ;ﬁ “from theory. 1 | helghte % rélaﬁive ‘
thermal ~ ©. G R W ST R YRS R 2o ground
19 II 3,8°1000 .27 hho 2.45 - .27#40‘;.4) 86 - 1760 . - -h20
0TI Y8 B25 16 550 1WA 12 500 1,76 82 (1500)  (~650)
19 11 - 91250 .35 - 2.10 .35 260 2.10 65 W25 +225
"o 900 KO - 2,60 .40 350 2.60 83 - 1250 =300
19T =10 966 .35 - 2.30° .35 310 2}.30?/‘5 _, 1200 200
Two primary‘céils are aﬁpqrcﬁt in Run 5. If we take - each oenaratelj
AT is 0.1 for one, O. 170 for the other. The radius is the same (2h m/s
X 23 sec. and 26 m/s x21). ﬁcap is theisame. - It 1 necessary to acjust the’

‘values to arrive-at a'qinglc point on the nonogram. If we as ssume’ that the
“thermal(s) is the same as the one(s) Lraverued about four minutes earlier
during Run'E thcﬁ e cannot assume that we are pas;ing through the centre of
the thermal, 'faking ieoiatedtthermal theory, theicap has risen about'SCOm:
in 250 secohdg" The glidcr is 125 m lower; the cap is therefore 625 m above
‘the aircraft. Taklng 2=2000 m we arrive at a theoretlcal point oource of
650 'm below rround , _
o Even more aesqmpflons must be made when comparing data obtalned durlng ,
snlrallng in a thermal. uLCudoC the vortl 2l velocities are greater than .~
| ‘the rate of rise of the thormnl the'bllder will cllnb re11t1Vu to the cap.
It will rcach a pO‘nt (dependent upon radlus, "c ap’ gllder perfornance, etc.)
that is roughly ©. 8 - 0.9 times the h01rht of the cap above thu point source. .
C It can malntqln thls PClathL p051t10n and will climb 0.9 - 0.9 times the
rate of rise of the thernal. _ . o S |
The radius vannot ‘be obtained from the data . Ful Lhermal 9 above the
tenpequurc of the env1ronmcnt was not rccprdcd pr;oz to enterlng the thermal"
it was necessary to'eetimuﬁr Lhc.avcragc excess Trom the descont °ound1ng and
other data. Estimates made at two levels glvc a radius that is greatcr at
the lower lcvcl, vhich is nonscnsc. Duta for thormal 10 was also obtained when
spiraling in a thermul; . _> ' ' o | '
_ Toogm&ny conclusibns should not be‘drawn,'especially from the latter
group.‘ it is SUrprising howcvor:tﬁat there appears‘to be such close agree~

ment between the observations and the theory. Assumptions, out of necessity,

T




¢ 138 . , .
| havc becn made but the same ”rulos" have bcon appllcd to each case unless thercv
' - B T _ ‘br,;f

_ the ooundlngs and runs '”hc levels usod vere

wa sufflclcnt 3u tification for not d01ng so. _
' AddltlonaL Computdtluﬂu viere madu to determine tho changc of tcmpcrature

CXCCSs thh height. The dlffurcnco between thc nlnlmum ‘and nax1mum valuc° of.

GD, 8y and LR that werc rocordud in- various °OO n dopthg were determlned from,f'
200 - HOOm, 300~ 500 400-600,
500~ 700 ""»900—1100m and in addltlon bwound-— ZOOm, ground 250n, and cloud

base + 100m. Lach uoundlng or’ group of runs was llStOd as onc casc. Avoragcs

swere determined ‘and the 1bSU1tu arc shown on thc dlugram. The number of cases

carce shown in parcnthc51u.
‘level on a- uoundln 'tbe dmffcronbb batween the valuos vere not 1ncludcd "This

““thermals.

the assumption that,

If luss than 4 or 5 p01nts were recorded in any

mcthod of-dutcrmlnlng th- cnanp‘m of ueb, LGV and unR with- height is bas cd on
durlnp coundlngs, vdlucs arc. roco*dcd both in and out of
This a~°umpt10n ig not necces oarlly JUot;flCd hbwcvcr if cnough
cascs arc - obt11ncd 1t 19 of. 1nucrust to sce if any pattcrn cnorgco. As ox=
pectbd th-.grcabbut tbmao“a ure dlffLanCLb occur in. tho 5round laycr"the

inereoase of LG ateloud hnsu - 100 m i3 duc to utablc air above bagc, thc

~ high valucs of uhR in th( upper levels aru duc to dry alr above base and dry o

air that ha s dCuCQndLJ from above the- bmuc. ‘ '
The curve of AG. 10 remarkablj gmooth. To compurc this curve with isolated
thermal ‘hcbry a vwlun of L7 v C. 5 at 500 m and a k = 80 were sclected. The

r*sultant curve (broken 11ng on dlapram) is dravm and 1nu1u1tcs a greater dc-'

_ crcase of temperature ¢xcess with height than tho rican of the obscrvcd valuos.

The' abovc computut;ong and compgrlsonu have bccn included 1n this rcport
only to. glvc an 1nd1catlon of how thc data may be 1pp11cd and sonc of the

'problcm involved when compﬂrlng the nbs*rvcd valucs with thosc prcdlctcd

from 1solatud thermal theory.
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Ht.range,m. 8O, b ev, °A aVR, gr/km
ground-200 1.507 (9) 1.840 (6) 1.050 (6) -
ground-250 1.635 (10) 1 g8c (6) . 1. 290 (6) -
200 =400 .596 (11) 634 (8) - 575 (8) . o
360 ~500 L68 (11) <611 (8) . .638 (8) S ez
koo -6060 eos (1) .552 (10) - .760 (10). . R
500 ~700 - .395 ( 9) 451 (8) .607 (8) .
660 =300 .356 (11) .395 (16) - L6086 10)
700 =900 "Tha (o) .00 (9) 930 (9)
800 =1000C . ,323% (10) WHG6 (9) .895 (9)
900 =1100 349 (10)  Lh12 (10) 1,080 (10)
cloud base +1G0 .923 (10) .890_(’1(;) 1.728 (10)




contours drawn every 50O ft, e roods : TN woOods - Linch = 1mile
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liap of Laéham Arca
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APVENDIX

Lashan Alrflcld is

ituatcd'1°'OP%"wcst and 510 11 norﬁh} 

soveral umwll VL]ldgCu in the arca;” -Alton is ‘the onIJ toun vithin 51milos;

© Bas 1ngstoxc lics 6 milcs

The wooded arcas

to the NNW. i arc_ghown on the

-map, the rumatndoz prxnarlly buing cu]tlthod fLleS.

-Contours

of '500.mb, Surfacu

There are ™ . .

" The 500 mb Lhartu for 0CCO hours ulT on ﬂo and 19 July aru shown.. .
_(uu ‘fuce charts were not avullxblc at the time of complang this “report, )

‘Dry buLb 30Lunt1a] th)crwfuruJ, ml'mnr ratlo, m1nd dlrcrtlon and 'pccd‘;“

at’ varlouo 1LVC10 are rlven for ervlp/, th; ncﬂrust stat:on.

13 uuly 190] 1130 Ghl =
Aiinds

levcl rb :GD; QA ' .A,fr/hm 1nvc1 . dir. gopced, ktq;'
L0993 . 293 T - 998 = 340 06 ..
37 S292 - 6.8 900 350 10
900 - 6.1 850 30 15
850 294 - 5.2 "750 U330 C3
. 805 C - ."..'] 700 310 . .1“‘
778 295 4.2 ‘
755 . 298 O
736 502 3.3
19 July 1961 1130 GLT - ,
998 = 292 - 3.3, 993 010~ - 03"
995 Co= 6.3 900 . 36C . 10 -
984 . 291 6.4 850 350 . .08
925 291 5.9 - 750 350 10
859 292 4.3 700 350 o7
346 29k 4.5 : -
812 - 3.0
783 - 3.6
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© 'Nomogram of Isolated Thetmal .
Givon any two quantitio-, ono nay obtain tho following fron the nomo-

gram opposite'

R, metres,.-radlus of 1solatod thcrnal (thin solid llnes)
e .",Z, mctfcs,’-hcmght of thermal cap abovo thcorctlcal p01nt sourcc (same llnes
N I o as R)

Wéqp vm/s,"rate of rise of thermal cap ‘(dﬁshed lines,'slbpe'-hBO).',.
. L5 ,
AT v C or ?A,- virtua 1 tcnpcrwturc excess (thln solld lines)

scconds, time of rulease from poxnt source (dottcd llnes, slope +45 C)

. t’
S VR
kf, see eqvatlbns ‘oelow (thlck solid 11ncs, slope 1:3)

Use of Nonogram1 example: -

'GlVLn = 250 n, AT = 0.5°%C : _ :
then Z 1000n, cap 25m/s, t-zoOsec., kyz=7oj '

" The absolutc valucs of Z and t arc: of no 1mmed1ate usc, c. g. Z 1s probably
not equal to tho height of thc thermal abovc the ground. Let us suppose.
‘that the radius and temperature excess were. neasured at H = 800 metres and

that ve wish to know the he? ght AT v ctc. 300 scconds later. Since k
. . remains constant throughout the llfe of thc thernal we follow k} - 70 up .
« to t = 500. The avoragc tcnperqturc excess would be O, 13 cC, wcap'= 1.550/s,

R:? 390 m., 2 = 1560 m., or the thcrmal_would have rlsen_760 .

4 o Pormulae
'Th¢ nomogram was constructed from,the'following'formulaé:

WC& = C(gﬁR)yz ‘ z : nR ' . V= mR3 : S
oap ' : S ' O
where B is the average density -- total density i.c. _VT A

. . o v

i - ‘ .Thc constants, C, n, and n were detcrmlned from 1aboratory experlmcnt to be_  o
| _ 1.2, 4 and 3 respectlvely. ‘S0 that B would be dcpendcnt upon the virtual o
'temncrature excess only, the surroundlng tenpcrature,.Tv', becqnc constont, .

" value of 290°%: being selccted. : |

Wie may also write:

2° = kt
and 14
k 3{‘729 (gBV)”~

o

where (gBV)

total bﬁoyancxvand is constant for any given thermal.
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